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Subject: Hydraulic model s tudies  of the Enders Dam Spillway 
and Outlet Works-Missouri Basin Project  

Spillway Studies 

The spillway studies described in t h i s  repor t  were made t o  develop a 
s t ruc ture  t h a t  would provide sa t i s fac tory  performance over the  expected 
rulgt:s of operation. All t e s t s  were made on a model b u i l t  t o  a sca le  of 
1: 72:, Figures 5 and 7 A b  

The spillway t e s t s  were divided i n t o  two d i s t i n c t  par t s  consist ing 
of the  s tilling- asi in s tud ies  and the spillway-structure .studies. In  the  
investigation of the st i l l ing-basin,  t e s t s  were r u n  on e igh t  d i f fe ren t  
designs, Figure 6. After  completion of t e s t s  on t he  original. design t h e  
o r ig ina l  t a i lwate r  curve was revised, resu l t ing  in lower ta i lwate r  elevations 
for a given dhcharge,  Figure 8. A s  a resu l t ,  it was found necessary t o  lower 
';he apron elevation 5 f ee t ,  Test 3 Figure 6., -. 

In subsequent tests' with the  lowered apron, a so l i d  end s i l l  was found 
unsatisfactory,  Test 4 Figure 6 and Figure 11. Best performance was obtained 
k i t h  a dentated end s i l l  12 f e e t  high, Test 6 Figure 6 .  Performance of t h e  
bas i t ]  without chute blocks was found acceptable, Test 3 Figure .6  and Figure 10. 
Heducing the  apron width resu l ted  in  l e s s  sa t i s fac tory  operation than with t he  
o r ig ina l  width of 400 f ee t ,  Test 8 Figure 6 and Figure 15.  A 45' wing+,dl 
a t ' t h e  dowrlstrearn end of t h e  r i g h t  t ra in ing-wal l  resul ted in l e s s  scour i n  the 
r i ve r  channel, Figure 7B and 9B, but r e s u l t s  were considered sa t i s fac tory  with 
a l e s s  cost ly  90' wing-wall. The recanmended s t i l l ing-basin ,  Figure 16, 
differed from the -o r ig ina l  in having a 5-foot lower apron elevation and a 
3-foot higher end s i l l .  

I n  the  s tud ies  on the spillway strudture,  a 'contraction occurred a t  the  
l e f t  training-wall nose, Figure 17B, which resul ted i n  a r i s e  i n  water surface 
under the  counterweight of t he  r ad i a l  gate, Figure 18. A r ip rap  f i l l  extending 
upstream from the  training-wall nose, Figures 19 and 20, reduced t h i s  contraction 
until the  water surface d i d  not in te r fe re  with the  counterweight, Figure 18. 
However, it was found nlorc e c o n ~ c a l  to re-design t h e  counterweight t o  clear  
the water surface resu l t ing  from the contraction than t o  construct  t h e  
r i p r ap  fill. 

'the projecting covers over t he  ice-prevention-system nozoles on t h e  
upstream face of the controlled cres t ,  Figures 3 and 21 did  not cause any 
rrieasurable interference with flow over the  spillway. 



r'igure 22, and were above atniospheric pressure fo r  a l l  ranges of operation. 

Spillway-capacity curves were obtained f o r  the  uncontrolled c r e s t  
operating alone, Figure 23, and f o r  the uncontrolled and controlled c r e s t s  
operating together f o r  f r e e  flow and also f o r  various gate openings, 
Figure 24. 

0utle.t Works Studies 
' I 

Tests on the  ou t l e t  works, employing an e n t i r e l y  separate 1:20 sca le  
11lode1, Figure 25, were concerned primarily with the  development of a 
sa t i s fac tory  and economical st i l l ing-basin.  

Although the  performance of the  os ig ina l  design, which made use of a 
hydraulic jump type of energy d i ss ipa tor  was not e n t i r e l y  satisfac+,ory, 
any degree of perfection could have been obtained by making the  basin 
longer. This would have added t o  tha  cost  of t h e  s t ructure .  It was f e l t  
by t h e  laboratory however, t h a t  i f  t he  hydraulic jump type of d i ss ipa tor  
w a s  abandoned t h a t  equal perfection i n  mrformance could a lso be obtained 
with a much smaller and more economical structure.  Tests indicated t h a t  
t h i s  contention was sound.and the  basin recommended f o r  construction was 
less than half  as long a s  t he  or ig ina l  basin, had no expensive center  
dividirig w a l l ,  and required l e s s  depth as  well as quanti ty of excavation. 

I n i t i a l  t e s t s  were conducted on t he  o r ig ina l  basin design, Figure 26, 
and on Basin Studies No. 2 a?d 3, Figure 29, The cen te r  dividing w a l l  was 
used only i n  Basin Study N o .  1. Performance of those designs proved 
unsatisfactory,  but d id  suggest the basic principles used in the recommended 
design. 

The next s e r i e s  of e ight  basin s tudies  were made t o  develop the  
recommended design. I n  these  t e s t s  a deflector p l a t e  o r  hood was placed 
over t h e  j e t s  from the v d v e s .  Basin Study No. 4, the  first of t h i s  
s e r i e s ,  Figure 29, used a f l a t  def lector  p la te  with the  hollow-jet valves 
t i l t e d  downward l!jO. This design showed grea t  improvement over t h e  
preliminary t e s t s .  iiasin Studies No. 5, Figure 29, and No. 6, Figure 34, 
employing a convex def lector  p la te  showed l i t t l e  hprovement over the  f l a t  
p l a t e  def lector .  Eias5.n Study NO. 7, and the  f ~ l l o w i n g t e s t s  employed 
a concave def lector  p la te  which resul ted i n  b e t t e r  performance of the  
s t i l l ine-basin .  The concave def lec tor  p l a t e  of Basin Study No. 9, Figure 34, 
was found t o  be the most sa t isfactory.  .The remaining s tudies ,  No. 10 and 11, 
were made t o  obtain a s a t i s f ac to ry  shape* f o r  t h e  s t i l lb ig-basin  downstream 
from t he  def lector .  

Basin Study No. 10, Figure 40, was found t o  give the best  operation 
with the l e a s t  scour fo r  any of t h e  schemes tes ted,  but in the  i n t e r e s t  of 
economy the  recommended basin, Figure 45, was developed. The recommended 
basin with valves s e t  horizontally had an o f f s e t  f l o o r  with t h e  downstream 
sect ion 9 f e e t  higher than the  upstream section. Operation with e i t he r  
one o r  two valves'crpen resul ted in good dist,rfbutioa of veloci ty  a t  the  , 
downstream end of the basin, Figure 48. The water surface in the  r i v e r  
channel was f a i r l y  smooth and scour was s l i gh t ,  Figures 46, 51, and 52. 



Introduction 

Enders Dam is located  on Frenchman Creek, 1 mile south of Enders, 
Nebraska, FibgXe 1. The r e s u l t i n g  reservoir  i s  l inked with Medicine Creek 
i ieservoir  f o r  flood c o n t r o l  and i r r i g a t i o n  s torage ,  The dain i s  a compacted 
e a r t h  s t r u c t u r e  with a protec t ive  cover of rock r ip rap ,  The m ~ j o r  dimen- 
s ions  are:  c r e s t  length  2,750 f e e t ;  thickness a t  base 600 f s e t ;  and 
height  100 f e e t .  

Flood discharges a r e  released through an open-channel spi l lway a t  t h e  
r i g h t  o r  south abutment of t h e  dam. It has a capaci ty  of 200,000 second- 
f e e t  and discharges i n t o  a concre te  s t i l l ing-bas in ,  Figure 2, The s p i l l -  
way has a con t ro l l ed  c r e s t  of six bays and an uncontrolled c r e s t  of one 
bay. The control led  c r e s t  a t  e l eva t ion  3097 f e e t  has each bay regulated 
by a 30- by 50-foot radial gate. The uncontrolled c r e s t  a t  e levat ion 3112 
f e e t  has a width of  13 f e e t .  Overal l  width of t h e  spil lway a t  t h e  c r e s t  i s  
361 f e e t ,  The s t i l l ing-bas in  apron i s  hor izonta l  and has a constant  width 
of 400 f e e t .  

The o u t l e t  works, Figure 4 ,  f o r  r e lease  of  i r r i g a t i o n  water i s  
loca ted  2W f e e t  t o  t h e  l e f t  of t h e  spillway. The s t r u c t u r e  c o n s i s t s  of 
a t u n n e l  through t h e  base of t h e  dam terminating i n  two 60-inch hollow-jet 
valves. The valves discharge i r ~ t o  a s t i l l ing-bas in ,  which was developed 
from uodel s tud ies  discussed i n  Par t  I1 of t h i s  report .  

The 1:72 Scale Model - 
The hydraulic model of the  spillway, Figure 5, was b u i l t  t o  a s c a l e  

of 1:72. It consisted 02 the  spil lway and s t i l l ing-bas in  s t r u c t u r e  
together  with an approach sect ion of  t h e  rese rvo i r  and a port ion of t h e  
r i v e r  channel doimstream from t h e  basin,  The spil lway c r e s t  and r a d i a l  
ga tes  were made of sheet  metal  and t h e  p i e r s  were made of wood. The s p i l l -  
way c h ~ t e  and the  s t i l l i n g - b a s i n  apron were of concrete formed t o  sheet  
metal t eup la tes .  Training-walls were of wood covered with shee t  metal. 
Tne downstrean r i v e r  channel was molded in  f ind  sand. A portable 6-inch 
pump supplied water t o  t h e  model through an 8-itch line containing an 
o r i f i c e  meter f o r  measuring the flow. k rock b a f f l e  smoothed out  t h e  flow 
before it entered t h e  spillway-approach sect ion.  A point  gage located 
upstream from t h e  c r e s t  a d is tance  of 550 f s e t ,  prototype, was used t o  
measure the  rese rvo i r  e levat ion and a point  gage near t h e  downstream end 
of t h e  'cailbccx was employed t o  s e t  the  t a i l w a t e r  elevation.  Piezometers, 
i n s t a l l e d  i n  t h e  uncontrolled c r e s t  and i n  one bay of t h e  con t ro l l ed  
c r e s t ,  were used t o  measure the  c r e s t  pressures,  Figure 22. 



The spillway s tudies  - e r e  divided .into two parts:  (1) the  s t i l l i n g -  
basin; and (2) the  spillway s t ructure .  The s t i l l ing-basin  t e s t s  were 
planned so t h a t  performance da ta  on the  basin could be used t o  evaluate 
individual par t s  of the  s t ructure .  From these r e su l t s  the  most e f fec t ive  
design was determined, consistent  with construction cos t ,  In determining 
the  effectiveness of the  s t i l l ing-basin ,  the fac tors  used t o  judge i t s  ' 
performance were: (1) location and appearance of the  jum (2) depth 
and extent of the  scour downstream from the apron; and (3 height of waves 
in the  r i v e r  channel. 

7;  
I n  t he  studies on the  spillway s t ructure ,  various lengths of dike were 

constructed upstream from t h e  nose of the l e f t  training-wan. The dikes 
were fo r  the purpose of reducing the height of the  water-surface prof i le  
in the v i c i n i t y  of the  r a d i a l  gates. 

Tests were'made with t h e  ice-prevention nozzle hoods i n s t a l l ed  on the  
c r e s t  t o  determine whether they had any e f f ec t  on flow conditions o r  
capacity of the  spillway. Pressures on both the controlled and uncontrolled 
c r e s t s  were measured fo r  various discharges and the  discharge capacity of 
t h e  spillway was obtained f o r  the  f u l l  range of headwater elevation. 

Spillway Stillin&-Basin Studies 

Test 1. In  the  study on the  o r ig ina l  design, Test 1, Figure 6, 
t h e  apron was a t  elevation 3021 feet .  The model before operation is shown 
in Figure 7A. Coarse gravel  was used t o  mold the  f i r s t  100 f e e t  of r iver  
channel below the apron and the  remainder was. formed in  sand. The spillwcly 
was operated a t  discharges up t o  the m a x i m u m  of 2OO,OOO second-feet, 
using ta i lwate r  elevations from Curve A,  Figure 8, This curve was obtajned 
from the United S t a t e s  lhgineers.  

For a l l  discharges t he  locat ion and appearance of t he  jump was 
sat isfactory.  After 95 minutes of operation at  200,000 second-feet, the  
scour was observed and measured. Erosion was s l i g h t  with th'e g rea tes t  
depth of scour occurring j u s t  downstream from the r i gh t  training-wall, 
Figure 7B, where there  was a tendency to  undermine t h e  spillway apron. 
Srosion would have been deeper i f  a f i n e r  bed material  had been used a t  
the  end of the  zpron. 

Test 2. To mduce the  scour tendencies a t  the downstream end of t h e  
r i g h t  training-wall, a ~ 5 '  wing-wall was ins ta l led ,  Test 2, Figure 6 .  The 
second ta i lwete r  Curve U, Figure 8, submitted by the  design section was 
used f o r  s e t t i n g  the  ta i lwater  elevation i11 t h i s  md a l l  subsequent t e s t s .  
Also, the coarse g a v e l  a t  the  end of the  s t i l l ing-basin  was removed and 
sand was used throughout the  r i ve r  channel. Other features  remained as 
i n  t he  t e s t  on the  o r i g i n i l  design, Test 1. 



was s l i g h t l y  rougher i n  the r i v e r  channel thPIin in Test 1, and t h e  jump 
moved dow~strearn exposing the  chute blocks, ,:Both e f f ec t s  were caused 
by t he  lower t a i lwa te r  elevation indicated 611 Curve B and used Fn t h i s  
t e s t .  Lowering the t a i lwa te r  3 f e e t  caused t h e  jump t o  sweep o f f  t he  
apron. Scour a f t e r  30 minutes operation, Figure 9B, was excessive 
downstream from the  l e f t  t raining-wall  where the re  was a tendency t o  
undermine the  apron. Absence of scour a t  t he  r i g h t  training-wall  w a s  
a t t r i bu t ed  t o  t he  presence of t h e  45' wing-wall. Also, t h e  erosion 
i n  general  was more extensive because of t h e  removal of t he  coarse 
g rave l  and t h e  UL, ,  of a lower t a i lwa te r  elevation,  

Test 3, The dohnstream posi t ion of the '  jump i n  Test 2 indicated 
t h a t  t h e a p r o n e l e v a t i o n w a s  t o o h i g h .  C ~ n s e q u e n t l y ~ i t w a s l o w e r e d  - 
5 f e e t  t o  e levat ion 3016, Test  3, Figure 6, and t h e  chute blocks were 
a l so  removed. 

The appearance and locat ion of t h e  jump a t  maxim& discharge, 
Figure ~ Q A ,  were sa t i s fac to ry ,  The jump remained on t he  apron even 
a f t e r  lowering the  t a i lwa te r  6 fee t .  Erosion, Figure 10B, a f t e r  45 m i n -  I 

u tes  of operation a t  200,000 second-feet was s l i g h t  and t h e  tendency 
t o  undemtine the  end of the  apron was eliminated. The deepest erosion 
hole, eleva%ion 30059 was 5 feet higher than t h e  lowest point  of Test 2, 
hesu l t s  of t h i s  t e s t  showed t h a t  t h e  apron e levat ion was s a t i s f ac to ry ,  
but adui t ional  s tudies  were made on chute blocks, and sills,  t ra in ing-  
walls, and wing-walls t o  be c e r t a i n  of obt,aining t h e  most economicel 
and s a t i s f ac to ry  design. 

Test 4. For Test L, t h e  dentated end s i l l  was replaced with a 
s o l i d  s i l l  of t h e  same height, Figure 6. The action of the  bas in  at a 
discharge of 2OO,OOO second-feet was unsa t i s fac to ry  because of a high 
b o i l  over t h e  end s i l l .  Scour wrls more severe than in any of t h e  
previoub t e s t s ,  Figure ll. . The deepest erosion hole, elevation 2996, 
was 9 f e e t  below t h e  lowest elevation of Test 3 .  

Test 5. I n  Test 5, the  chute blocks and dentate& s i l l  of t h e  
o r i g i n a l  design were re-instal led,  Figure 6. The appearance of t h e  
jump, Figure 12~L, was very similar t o  t h a t  of Test 3.  The jump remained 

b on t h e  apron a f t e r  lowering the  t a i lwa te r  7 f e e t ,  indicat ing t h e  chute 
blocks were of value i n  holding t he  jump on t he  apron, The chute blocks 
had a neg l ig ib le  e f f e c t  on the  erosion pattern,  however, a s  the r e s u l t s  

6 of a 45-rr.inute scour t e s t  a t  a discharge of' 200,000 second-feet, Figure 12B, 
were p r ac t i c a l l y  the  sane as Test  3 ,  with t he  chute blocks removed, 
Figure 10B. 

Test, 6 .  I n  Test 6 the chute blocks were removed and the  height  of * the  denta ted s i l l  was increased t o . 1 2  f e e t ,  Figure 6. The appearance of 
t he  jump and t he  flow condit ions i n  t he  r i v e r  channel at  200,000 second- 
feet ,  Figure 13A, were similar t o  T p q t  5. Result3 of t h e  jump sweep-out 
t e s t s  were t h e  same a s  Test 5; the  t a i lwa te rwas  lowered 7 f e e t  and the 
jump remained on the  apron. 'Scour a f t e r  z discharge of 200,000 second-feet 



elevation was one foot higher than t h a t  of Test 5. 
d 

F The 45' wing-wall was replaced by a 90' wing-wall, 
Figure f o r  Test 7, since the  designers decided tha t  a 45' wing-wall 
was too expensive for  the imp~wement it produced. The appeLnance of , 
the flow, Figure was unchanged from tha t  of Test 6 ,  except f o r  a 

6 s l ight  eddy a t  the end of the  r ight  training-wall. Scour, Figure U, 
was similar fo r  the two t e s t s ,  except fo r  some 'increase i n  erosion a t  the 
end of the r ight  training-wall. This was not objectionable, however, since 
the scour was no deeper than a t  the  end of the l e f t  training-wall where I 

& a 45' wing-zd. could not be used because of the presence of the out let  
works. 

Test 8, I n  previous t e s t s  it appeared tha t  the s tkl lhg-basin was - 
too d d e ,  and the purpose of Test 8 was t o  determine whether a reduction 
i n  width was possible. Auxiliary walls ware ins ta l led  i n  the  s t i l l ing-  
basin, anci extended upstream u n t i l  they iritersected the diverging 
training-walls of the spillway chute. Because the training-walls were 
suff icient ly far apart tha t  the allnenent of one would not a f fec t  f low 
along the other, each wall was moved toward the centerline of the basin 
a different  amount. The.right w a l l  was mwed i n  9.9 f e e t  andl the l e f t  
w a l l  19.5 f e e t  as shown in  Figure 6. 

A t  200,000 second-feet, the flow along each training-wall appeared 
t o  be satisfactory, Figures 15A and 193. Scour, however, was heavy a f t e r  
45 minutes of operation, Figure 15C, and there was more tendency toward 
undermining the apron a t  the l e f t  training-wall. From these resul t s  it 
was decided t h a t  no reduction in the width of the stilling-basin should 
be made, 

Recommended design. The recommended stilling-basin, Figure 16, was 
the same a s  ?.hat used i n  Test 8, with the addition of chute bla?ks. The 
chute blocks were included to  help hold the jump on the apron i n  event of 
damage t o  the end sill or of decreased tailwater due t o  retrogression of the 
streambed. Tests were not made with the 12-foot s i l l  and the chute blocks 
i n  place a t  the same time, since it was necessary t o  disassemble the model 
befare the decision was made t o  re ta in  the chute blocks. Also, it had 
been demonstrated t h a t  conditions of flow and erosion would be as good or 
bet te r  than those of Test 8. 

-7 Spillway Structure Studies 

Left training-waU nose. The original  spillway entrance As ins ta l led  
i n  the model with a 40-foot radius nose a t  the upstream end of each 
training-wall as shown i n  Figures 17A and B e  With the  gates partially . 

o opened, flow entering the spillway was smooth at all discharges, but w i t h  
the gates raised f r ee  of the water surface, a noticeable contraction 
existed a t  the l e f t  nose for flows above 100,000 second-feet. The 
depressed water surface caused by this contraction f o r  a discharge of 
2OO,WO second-feet i s  show in Figure 17B. A r i s e  i n  water surface 



water surface Profile B, Figure 18. a s  surface w a s  higher than t h i  
lowest portion of the gate counterweight when the  r ad ia l  gate was f u l l y  
open. The water surface, Profi le  A, Figure 18, along the centerline 
of the second gate bay i s  a normal water surf ace profile,  unaffected by 
the corrtraction. 

To lower the water surface in the v ic in i ty  of the counterweight 
required a reduction of the contraction i n  the flow around the trasning- 
w a l l  nose, T h i s  was accomplished by constructing a dike or waU upstream 
fram the existing structure,  A concrete structure was riot p r a c t i c a ,  
because of inadequate foundation, so  an earth f i l l  faced with xock riprap 
was investigated. The model r iprap represented rock from ona-half cubic 
foot t o  one-half cubic yard i n  the prototype. By tfial the ear th  f i l l  waa 
made the  mi- length consistent with good perforraance, Shor%er lengths 
did not correct the depressed water surface and were eroded by the kiglker- 
approach veloci t ies  close t o  the spillway crest .  The design found sat is-  
factory, Figure 19, had a total length of 150 fee t ,  The dike in place 
i n  the model is  shown in Figure 2OA. Operation a t  maJdmum discharge, 
Figure 20B, was sa t i s fac tmy since the water surface was lower 'than the  
counterweight a s  shown by Profi le  C, Figure 18. 

Slight disturbance of the water surface was  v i s ib le  at the upstream 
end of the dike, but had no measurable effect  on t h e  flow. Along the 
riprap face, a maxbum velocity of about 17 f ee t  per second prototype 
occurred i n  the v ic in i ty  of the disturbance. This veiocity was not suf- 
ficieil t  t o  mwe the model riprap. 

Because of the d i f f i cu l ty  of obtaining r iprap of suff icient  s i ze  fo r  
prototype use, and because the dike reduced the elevation of the water 
surface under the counterweight only about 2 fee t ,  it was decided not t o  
construct the dike, but $0 solve the problem by the al ternat ive of 
re-designing the gate counterweight t o  clear  the high water surface result-  
ing frcan the  contraction. Thus, by reducing the depth of the coGterweight, 
until it cleared the  water surface, the origin& entrance design could 
be used. 

F 

Effect of ice-prevention nozzles, I n s t a l l a t i  on of the ice-prevention 
system i n  the prototype will resul t  i n  the placing of six air nozzles i n  
each gate bay on the upstreem face of the controlled crest ,  Each nozzle 
w i l l  be protected by a pa r t i a l ly  streamlined cover 1.5 inches i n  height 
which projects i n t o  the flow area, Figure 3. Since the effect of these 
prcjections on spillway discharges was unknown, they were ins ta l led  i n  the 
model, Figure 21A. Operation a t  flows .from near zero t o  maximum produced 
no v i s ib le  disturbance t o  the  water flaring over the cres t  as shown i n  
Figure 21B, Careful t e s t s  showed tha t  there was no measwable change in 
the spillway discharge coefficient w i t h  the nozzles in place. Accordingly, 
it was concluded tha t  no adverse hydraulic effects  would be produced by 
the ice-prevention nozzles. 



Crest  pressures. Ten piezometers were i n s t a l l e d  along t he  cen te r l ine  I 
of t he  uncontrolled c r e s t  &d t en  along the  cen te r l ine  of t he  controlled 
c r e s t  of the  second ga.te bay from the r i gh t  s i de  of the  spillway. Each 
piezometer was connected t o  an open water-mmometer . pressures f o r  alJ'i 
piezometers were recorded simultaneously by photographing the  manometer 
board a t  discharges of 50,000, lOO,OOO, 150,000, and 200,000 second-feet 
with t he  r a d i a l  gates f u l l y  open, Pressure curves f o r  both c r e s t s  a re  
shown in Figure 22. All pressures were above atmospheric f o r  t he  dis-  
charges t es ted ,  with the  magnitude generally increasing with the  discharge. 
Lowest pressures were found f o r  the  combination of maximum reservoir  
e levat ion with small gate openings on t he  controlled c r e s t ,  However, 
s ince  611 pressures were g rea te r  than atmospheric, t he  c r e s t  designs were 
considered sa t i s fac tory .  

Cal ibra t ion of suillwsy. The spillway was cel ibra ted f o r  various . 
combinations of flow conditions. An o r i f i c e  meter +$as used t o  measure 
t he  discharge f o r  flows above 2,"000 second-feet. F,?r low flows, a weighing 
 tan^ was employed. The reservoir  elevation was measured with a point 
gage, located 550 f e e t  upstream from the  c r e s t ,  Figure 5, 

Nith a l l  control  gates  closed, a curve was obtained of reservoir  
e levat ion versus discharge f o r  the  uncontrolled c r e s t ,  Figure 23. From 
these  r e s u l t s  t h ~  oe f f i c i en t  of diszharge C was computed from the  formula 
Q = CL ( ~ . f  &j3A Th e curve C versus reservoir  elevation i s  shown 
in 23. expression (H f hV) i n  t h i s  formula is the  t o t a l  head 
on t h e  spillway c r e s t  and includes t he  measured height H of t he  water surface 
above the  spillway c r e s t ,  and the  ve loc i ty  head, hv. The head measured 
in  the-model represented t he  total.  head s ince  t he  point, gage was upstream 
550 f e e t  i n  a region of extremely low velocity.  

The discharge curve of the  spil lway f o r  a l l  g ~ t e s  f u l l y  open and f o r  
ga te  openings a t  ,!+-foot in te rva l s  i s  shown in Figure 2l+, Above headwater . 
elevat ion 3112, flow over the  uncontrolled c r e s t  has been included i n  t h e  
discharges. The coef f ic ien t  of discharge C versus reservoir  elevation f o r  
discharge over the  controlled c r e s t  only with the  gates ra i sed  f r e e  of - 

the water sur fwe ,  is  a l s o  shown i n  Figure 24. I 



Introduction 

A 1:20 scale model en t i r e ly  separate from the epillway model.was 
used i n  the study of the ou t l e t  works. The two &inch hollow-jet valves 

., of the  prototype were represented by 3-inch holloir-jet valves in' the 
nodel. Provisions were made i n  the model t o  pass the maaimurn p'~otstype 
discharge of 330 second-feet with one valve operating and 1,360 second- 
f e e t  with both valves operating, 

e The model studies were i n  two parts, In the first or i n i t i a l  studies 
the original  design, Figure 26, was tested. Also in the  i n i t i a l  t e s t s  
were Basin Studies No, 2, and No. 3, Figure 29. The remaining studies 
were made t o  develop a design employing a deflector p la te  ar val,.ve hood, 
Tigures 29, 34, and 40, Although some of the designs appeared oatisfactoxy, 
others were tested t o  be cer ta in  of obtaining the greatest  possible 
improvement. , 

The 1:20 Scale Mode% 

The original1:20 scale model of the  outlet  yorks i s  shown i n  
Figure 25. The sti l l ing-basin training-walls were of wood covered with 
sheet metal and the apron was of concrete formed t o  sheet metal templates, 
The dividing w a l l  was made of wood. The tailbax, l ined  with sheet metal, - 
contained sand molded Lo represent the bottom of the r ive r  channel. Two 
3-inch model hollow-jet valves were located a t  the upstream end of the 
basin, Water t o  the model was  supplied by a 6-inch pump cunnected t o  an 

I or i f ice  meter f o r  measuring t h e  flow. The pipe from the meter terminatecl 
i n  an 8-incil-diaxneter header t o  which was connected t w o  3-inch pipes which 
supplied water t o  the hollow-jet valves. 

Operation 

I n  the st--basin t e s t s - t h e  maxirmrm.discharges used were 930 second- 
f ee t  f o r  one valve operating and 1,360 second-feet for both valves operating. 
Piezometers were used t o  measure the pressure head a t  the valves, T h i s  
head was s e t  to  the corresponding prototype pressure head calculated fo r  

II the given dfschar-ges, A point gage was used to measure the ta i lwater  
elevation, which was se t  a t  elevation 3038 for  the two discharges. 

After tlie t e s t  on the, or iginal  design, the  center  dividing w a l l  was 
removed and was not used again on any of the remaining studies. The model 

C) was r e b u i l t  and the sti l l ing-basin shortened a f t e r  cmple t ing  Basb Stud$ 
No. 9, A t  +is time a glass window was also  ins ta l led  in t h e  l e f t  traidntg- 
wall t o  observe flow conditions under the hood and i n  the section d m -  
stream from the hoodo 



lnves t iga t ion  of the  o u t l e t  works was concerned pr imar i ly  with 
s tud ies  of the  s t i l l ing-bas in .  Three f a c t o r s  were used i n  judging t h e  
ef fec t iveness  of t h e  designs t e s t e d .  They were: (1) rouahness and 
genera l  appearance or' t he  water surface  i n  t h e  r i v e r  channel; (2) ve loc i ty  
d i s t r i b u t i o n  in t h e  downstream sec t ion  of t h e  basin; and (3 )  :scour i n  t h e  

6 r i v e r  channel. A s  the  t e s t s  progressed toward the  f i n a l  design, piezo- 
meters were . instal led in the  model and pressures determined on those  
pas ts  of t h e  s t r u c t u r e  i n  contact  with high-velocity flow. 

? 
I n i t i a l  S tudies  

Basin Study No. 1, The o r i g i n a l  s t i l l ing-bas in  design,  Figare 26, 
had a t o t a l  length  of 175 f e e t  with a cen te r  dividing w a l l  22 f e e t  high. 
Operation with one and two valves a t  t h e  rnaxiqum discharges i s  shown in 
Figures 27A and B. The loca t ion  of t h e  jump and r e s u l t i n g  flow i n  t h e  
r i v e r  channel was unsat is fac tory  with two valves opera t ing,  With on& 
valve discharging t h e  jump moved t o o  f a r  downstream, r e s u l t i n g  i n  incom- 
ple  t e  energy diss ipat ion.  

Erosion a f t e r  1-hour operat ion with one v d v e  a t  930 second-feet, 
Figure 28A, was not  excessive, but  showed a tendency t o  undermine t h e  
apron. k hole 5 f e e t  deep occurred a t  t h e  end of t h e  basin.  Scour from 
the  opera t ion of both valves was s l i g h t ,  Figure 28B. 

Basin Study No. 2. It was des i rab le  t o  el iminate t h e  cen te r  dividing 
wall, s i n c e  it was expensive t o  const ruct  and was only f o r  t h e  purpose of 
g iv ing good flow conditions when operat ing one valve. I n  Basin Study 
No. 2, F i b w e  29, a hood was s u b s t i t u t e d  f o r  t h e  w a l l .  The hood was 
placed over the  f u l l  width of t h e  s t i l l ing-bas in  t o  spread t h e  j e t s  s o  t h a t  
even with one valve operating, flow would be uniformly d i s t r i b u t e d  oveqr 
the  width of t h e  basin. 

S u f f i c i e n t  spreading of t h e  j e t  d id  not  occur wi th  one valve  operaking 
a t  930 second-feet, Figure 30h, because of t h e  high v e l o c i t y  of tho $at. 
becreasing t n e  opening between t h e  lower end of the hood and t h e  basin 
f l o o r  t o  obta in  g r e a t e r  spreading of t h e  j e t  only c rea ted  backwater 'which 
submerged t h e  valves.  Operation of both valves with a t o t a l  discha.. :e of 
1,360 second-feet showed some improvement over t h a t  f o r  the  o r i g i n a l  
design. 

* Basin Study No. 3 .  In  icasin Study No. 3, a r a i s e d  f l o o r  i n  t h e  
upstream end of the basin, Figure 29, was used t o  i n t e r c e p t  and spread: t h e  
j e t s  from the  valves. Unsatisfactory flow resu l t ed  wi th  e i t h e r  one or1 
two valves  operating, Figures 3 1 A  and E. V e r v l i t t l e  spreading of t h e  j e t s  
occurred because of t h e  shor t  l eng th  of r a i s e d  f loor ,  and flow was corrcen- 
t r a t e d  on t h e  su r face  of the  basin and r i v e r  channel. Lowering the  down- 
stream end of t h e  ra ised  f l o o r ,  caused an even rougher water su r face  i n  
t h e  r i v e r  channel. 



Basin Study No. 4. I n  t h i s  t e s t  a hood o r  def lector  p l a t e  was  
placed above the valves, and the  f l o o r  was placed a t  elevakion 3020, 
f o r  the f u l l  length of t he  basin, Figure 29. The hollow-jet valves 
were t i l t e d  downward a t  an angle of l S O ,  Operation of one and two 
valves, Figures 3211 and B, showed marked improvement over previous 
designs, With two valves operating, a f a i r l y  urlif o m  d i s t r i bu t ion  
of veloci ty  occurred in the  downstream end of t h e  basin as wel l  as a . 
smooth water surface. This was t rue  t o  a l e s s e r  extent with one valve 
open. In f a c t ,  flow conditions a t  t h e  end of the  s t i l l h g - b a s i n  had 

o been improved su f f i c i en t ly  t o  allow a 50-foot reduction in the  basin 
length.  

By experiment, the  most effective! height of the opening between 
t h e  hood and basin floe:- was found t o  be between 3 and 4 fee t .  With 
l a r g e r  openings, spreading of the J e t  was insuf f ic ien t  and with smaller 
openings, t h e  flow backed up under t h e  hood and pa r t i a l l y  submerged the  
valves.  

The r e s u l t s  of Basin Study No. 4 indicated the  hood pr inciple  could 
be used t o  provide an e f f i c i e n t  and economical st i l l ing-basin;  conse- 
quently fu r the r  t e s t s  were made t o  improve t h i s  design. 

Basin Study No. 5 and 6. In Basin Study No. 5 a convex def lec tor  
plate-has used with 2 4-foot opening a t  the  lower end and the  valves 
were depressed 30' below horizbntal, Figure 29. Performance with one 
and two valves  a t  maximum discharge, Figure 33A and By was s imi l a r  t o  Basin 
5tudy No. 4. However, the  design sec t ion  decided the 30' angle of t h e  
valves could not be used in t h e  prototype because it would require  r a i s ing  
t h e  tunnel t o  a higher elevation. 

For Basin Study No. 6, the  valves were depressed 11° below horizontal  
s ince the designers had indicated t h a t  t h i s  was the  maximum permissible 
angle f o r  t h e  given tunnel elevation,  The convex p l a t e  def lector  w a s  
changed t o  fit the  no valve ,angle, Figure 34, and piezometers were 
ins ta l led.  ;3onditions of flow for  one and two valves discharging, 
FiLare 35A a d  8, was good and indicated t h a t  a reduction of 60 f e e t  i n  
t h e  basin lerlgth was possible. Pressures on t he  deflector, Figure 34, 
were above atruospheric f o r  both t e s t s .  The pressures varied from a 
minirqm of  1 foot  of water a t  Piezometer No. 3, when one valve was 
operating, t o  a nlaximum of 15 fee t  of water a t  piezometer No. 8, when 
both valves were operating. The e levat ion of t h e  water surface upstream 
from the hood was lower than the t a i lwa te r  elevation, indicat ing t h a t  
there  was no tendency f o r  the  valves t o  become submerged. 

B 
Basin Study No. 7 and 8. k concave hood was ins ta l led  f o r  Basin 

Study No. 7, since it was necessary t o  explore a l l  possible def lec tor  
shapes before select ing any design. The U0 v a v e  angle was maintained. 
bes t  operation was obtained w i t h  the  lower end of the  deflector,  placed 
5.50 feet  above the  basin f loor ,  Figure 34. Performance of t h e  s t i l l i ng -  
basin fo r  the  two maximum operating c o i i t i t i ~ ~ s ~  F i g ~ r e  36A and B, w a s  



were a11 above atmospheric, md generally higher than those in Study No. 6 ,  
Figure 34. The pressures shown are  plot ted t o  the  same sca le  as the 
s t i l l ing-basin  drawings. The maximum pressure was 28 f e e t  of water a t  
Piezometer No. 6, and the  minimum was 4 f e e t  of water a t  Piezometer No. 3, 
both occurring with one valve operating. Since the  concave shape of the  
hood provided considerable improvement in basin performance, the  concave 
shape was maintained i n  subseq~en t  designs. 

In Basin Study No. 8, the 11° depression of t h e  valves w a s  eliminated 
a t  t he  request of the  designers because of . s t ructural  considerations. In 

4 addition, par t  of the  spactr beneath the  def lector  was f i l l e d  in, as shown 
in Figure 34. 

Sat i s fac tory  transverse flow dis t r ibu t ion  resu l ted  with t h i s  design, 
Figures 37A and By but t h e  v d v e s  were p a r t i a l l y  submerged a t  maximum 
ciischarges . ln the prototype t h i s  might produce dangerous negative 
pressures within the valve. The suttnergence was not  re l ieved by increasing 
the opening between the  lower end of the def lector  and t h e  f loor  from 
5 t o  6 f e e t  because of t h e  s teep  angle a t  which the  j e t s  were directed toward 
the f l oo r .  

Basin Study 140. 9. It was believed t h a t  t h e  most su i t ab l e  hood 
shape could be determined from t h e  shape of the  j e t s  i s su ing  from the 
valves. Consequently t h e  upper nappe prof i le  was determined, Figure 38, 
and the hood curve f i t t e d  t o  it. The f i l l ed- in  area beneath t h e  j e t s  
was also nlodified, and t e s t s  were made f i r s t  with a sloping, and then 
with a curved floor,  Figure 34. 

Uniform flow a d  a smooth water s ~ r f a c e  in the r i ve r  channel was 
obtained for  a l l  t e s t  conditions, Figures 39A md B. Tests showed the  
height of the  opening a t  the downstream end of the  def lec tor  could be 
reduced from 6 f e e t  t o  4.5 f ee t  without causing su f f i c i en t  backwater t o  
submerge the  valves. This was a favorable charac te r i s t i c  of t he  design 
since it demonstrated t h a t  close tolerances in dimensions would not be 
necessary when building the  def lector .  

The curved floor shown by t h e  dashed l i ne ,  Figure 34, r e s t r i c t ed  the 
amount of turbulent action of t h e  water under the def lector  and required 
more s t i l l ing-basin  length than t h e  s t r a igh t  f l o o r  with a l.5:l slope. 
Again, a l l  pressures on t he  def lec tor  were above atmospheric, Figure 34, 
but were l e s s  than those of Basin Study No. 7. The m a x i m u m  pressure, * which occurred, was 18 f e e t  of water a t  Piezometer No, 4, when one valve 
was operating. The ~llinimum pressure which occurred was 1 foot  of water 
a t  Piezorneter No. 2, when both valves were operating. 

n Bash Study No. 10 and 3.l. The model was r ebu i l t  and a glass  panel was 
i n s t a l l ed  in a section of the  l e f t  t ra in ing  w a l l .  The length of the  s t i l l i n g -  
basin was a lso reduced 60 fee t .  Basin Study No. 10, Figure 40, used a 
parabolic hood i n  which piezometers were ins ta l led .  Piezometers were 
a lso placed i n  t he  f loor  of the  s t i l l ing-basin .  



Performance a t  maximum flow with one and two valves operating, 
Figure 4lA and B, was unchanged from Basin Study No. 9 ,  Pressures on 
the.deflector and floor,  Figure 40, were above atmospheric i n  all 
t e s t s .  The ~nax imum pressure on the  hood was 17 fee t  of water a t  
Piezometer No. 6, when one valve was operating and the ndnimum was . 
3 f e e t  of water a t  Piezometer No. 4, when both valves were operating. 
Flow in the stilling-basin as seen through the glass wall is shown in 
Figure 42. &trained a i r  i n  the water and the path of the turbulence 
along the f loor  i s  shown in the photographs, The high speed photograph, 
Figure QB, stopped the motion of flow and shows the character of the 
j e t  issuing from the valves. 

Very s l igh t  scour resulted a f t e r  1 hour of operation with one valve 
discharging 930 second-feet, Figure 43A. With two valves discharging 
1,360 second-feet, pract ical ly no erosion occurred, Figure 43B. Velocity 
dis tr ibut ion was good with a smooth water surface i n  the r ive r  channel. 
The designers, a f t e r  viewing these tes ts ,  decided tha t  bet ter  s t i l l i n g  
action occurred than was considered necessary. Upon consultation with 
the s t ruc tura l  designers, it was decided tha t  considerable savings in cost  
could be made by rais ing the sti l l ing-basin f loor  downstream from the 
deflector. Further t e s t s  were made to  develop the basin with a higher 

The downstream section of f loor  wzs raised 9 feet,  Figure 40. 
Subsequent trials indicated tha t  t h i s  was the maximum height the f loor  could 
be raised and s t i l l  maintain good hydraulic performance. The deflector 
of Basin Study No. 10 was used in Basin Study No. 11, and a l l  remaining 
tes ts .  Figure 44A and B show the flow a t  the two maximum flow con- 
ditions, as seen through the glass window, For d l  discharges the water 
was directed upward, creating a high boil, which:-kothed out t o  some 
extent upon reaching the r iver  channel, but the surface velocity in the 
channel! was relat ively high. 

The Length of the basin was reduced an additional 40 feet ,  making 
the total length 103 f e e t  l e s s  than the original  design, and 5 additional 
t e s t s  were n;ade, designated as Basin Studies No. 11A through 11E, 
P i w e  40. I n  Study No. IlA the downstream floor elevation was 3026; 
and for  t h e  following four studies, it was 3029. As shown in Figure 40, 
the two flea elevations were connected by sloping and ver t i ca l  w a l l s  
and various blocks were placed against these w & l s  for  three of the 

R e s u l t s  of thesetests  indicated tha t  the bo i l  intensi ty on the 
water surface was affected by the  shape of the surface between the two 
horizontal f loors .  With a ve r t i ca l  wall, the velocity was directed 
p a r d l e l  t o  the wall, resulting in a higher boil .  With the sloping 
wall, the b o i l ~ a s  directed far ther  downstream, and a greater stilling- 
basin length was required. The use of baffle-type blocks placed against 
the face of the w a l l  reduced the height of the bo i l  by spreading it over 
a la rger  area. 
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The recommended s t i l l ing-basin ,  Figure 45, employed two blocks 
located downstream from the  end of the  def lector .  With maximum 
discharge f rou  one and two valves, Figure 4 6 ~  and B, t he  b o a  was 
wel l  d i s t r ibu ted  over the surface of the  st i l l ing-basin.  F l m  

s t rean  end of t h e  s t i l l ing-basin  was sa t i s fac tory  as shown by the  
veloci ty  contours plotted in  Figure 48, Surface ve loc i t i es  were 
higher than those on the  bottom, but were not objectionable. With 
one valve operating, higher ve loc i t i e s  occurred on the s ide  with the 

indicated by the  shor t  horizontal  l ines .  

Xrosion a f t e r  1 hour operation with one and two valves discharging 

r e s u l t s  were considered sa t i s fac tory ,  and t h i s  d e s i b  was recommended 
fnr n n n c + r r l r r + i n n  i n  +hn C i n l d  

conditions as seen through t h e  glass  window f o r  these discharges, 
4 are  shown in  Figure 47A and B. Velocity d i s t r ibu t ion  a t  t he  down- 

* valve discharging. 

The t a b l e  of Figure 45 shows pressures on t h e  def lector  and f l o o r  
a t  t he  locations indicated. A l l  pressures were above atmospheric f o r  
every operating condition with the  highest pressures occurring on the  
def lec tor  hood. Photographs of the  manometer boards used in determining a 

these pressures, Figures 49 and 50, show t h e  water-column heights for 
one and two valves discharging. The zero f o r  each piezometer is 

was s l i gh t ,  using bank-run sand, Figures 51A and B. Greater scour 
occurred when using 50-100- and 100-200-mesh sand af, t he  downstream 
end of the  st i l l ing-basin,  Figures 52A and B, with two valves discharging 
1,360 second-feet . Zvsn with t he  100-200-mesh sand, however, the  
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B. Scour af ter  30 minutes ope ra t i  on 
et  200,000 second -feet 

TEST 2 .  1 : 72 MODEL ENDEHS SP IL;,h1AY OR I C - ! L  
DESIfXV WITH 45 D.EGREX WYC: WALT, 

A. Operation e t  200,000 second-feet  d i scha rge  



FIGURE 10 

A. Operation a t  200,000 second-feet discharge 

B. Scour a f te r  45 minutes operation 
a t  200,000 second-feet 

TET 5 .  1:7r MODEL m m s  SPILLWAY A P ~ N  
EWATION 2016, NO CRUTE: BLOCKS 



Scour at't.ell :i> rnf nuteo operation 
at 200,000 ~ e c o n d - f e e t  

TEST 4 . 1 : 72 MODEL EIVDERS STFXulEiY 
SOLID SILL NO CHUTE BLOCKS 



A .  Operati on a t  200,000 second-feet d i  echarge 

B. Scour after 45 minutes operation 
a t  200,000 second-feet 

?'EST 3.  1 : 72 MODEL ENDE-U5 SPILLWAY 
ORIGEJAL SILL AND CHKPE BLOCKS 



FIGURE 13 

A. O p e i ~ t i  on a t  200,000 second-feet  d i scha rge  

B . Scour a f t e r  45 minutes opera t ion  
a t  200,000 second - f e e t  

%'EST 6. 1 :72 mDEL EWERS SPILLWAY 
HIGH SILL NO CHUTE BLOCKS 



B. Scour a f t e r  42 minutes opewt lon  
a t  200,000 second-feet 

'EST 7 .  1:72 MODELL ENDEE SPILLWAY 
RECOMMENDED DL3 ICN 

5 &t A i ~;"sAr., * , . %>@; , , V6t '. .. . . 8 ,, , ,.IL:,:*' t 

A .  Operation a t  200,000 second-feet discharge 



A .  Flow a t  
right; t r a i n -  
ing wall f o r  
200,000 second- 
f e e t  discharge 

B. Flow a t  
l e f t  t r a i n -  
ing wall f o r  
200,000 second- 
f e e t  discharge 

C .  Scour 
a f t e r  lt5 
minutes 
oporat i on 
at 200,000 
second-feet 

TEST 8.  1:72 MODEL ENDERS SPIILWAY 
REDUCED BASIN w m  





B .  Drawdown at l e f t  t r a i n i n g  w a l l  nose w i  tti  
a d ischarge of' 200,000 second-feet  

FIGURE 17 

A .  Or iginal  design, no flow 
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 eft spillway training wall . 
E N D E R S  D A M  

LEFT SIDE OF SPl LLWAY ENTRANCE 



B. Cond i t i ons  of flow a t  discharge 
of 200,000 second-feet 

1:72 MODEL ENDERS SPILLWAY E-CE 

FIGURE 211 

A. Hiprapped d ike  upstream from l e f t  
t r a i n i n g  wall  nose, no flow 



FIGURE 21 

f 

A. Ins ta l la t ion  on cres t ,  l ook iw downstream 

B. Operation a t  50,000 second-feet 

1: 72 MIDEL ENDERS SPILLWAY 
ICE PREVENTION SYSTEM 













A. Iaft valve - 930 etsand-feet B. Both valvee - 1360 eeco~~d-feet  
'A 

ENDEElS DAM 
OUTlXT WORKS - 1 ~ 2 0  MODEL 

BASIN STUDY NO. 1 ORIGEiAL DESIGN, LOOKING DOWNSTREAM 



A .  Scour a f t e r  1 hour operation a t  l e f t  
valve a t  930 second-feet 

B. Scour a f t e r  1 hour operation of both 
valves a t  1350 second-feet 

ENDERS DAM 
OUTLET WORKS - 1:20 MOD= 

BASIN STUDY NO. 1 ORIGINAL DESIGN, LOOKING U P S m M  

FIGURE 28 







FIGURE 31 









A .  Left  valve - 950 second-feet B. ~ 0 t h  valves - 1360 second-feet 
Y 

ENDERS DAM 
O m T  WORKS - 1 :20 MODEL 

kl M 

BAS IN STUliY NO. 6, MOKING UPSTREAM 
W 
VI 













FIGURE 41 
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A.  Scour a f t e r  1 hour oyt?ration of 
l e f t  valve a t  930 second-feet 

B. SCOW a f t e r  1 hour operation of 
both valves a t  1360 second-feet 

ENDERS DAM 
0UTL;ET WORKS - 1 :20 mDEL 

BASIN STUDY NO. 10, MOKIN'J UPSTREAM 



B. Both valves - 1360 second-feet 

ENDERS DAM 
O W L E l ?  W O R E  - 1:20 MODEL 

BASIN STUDY NO 11, SIDEVIEW 

.- 

A .  Left  valve - 930 second-feet 







FIGURE 47 

A .  Left valve - 930 second-feet 

B. Both valves - 1360 aecond-feet 

mxm DAM 
OUT6;ET WORKS - 1:20 M O D n  

RECOMMENDED DESIGN, SIDEVIEW 



u- - - - - - - - - - - - - - 30'- 6.00'1- - - -  --------  - - 
I w I . -El.  3050.50 
I 
1 - - - 

Right training 

'ii 
,,-Right training 

&' wall , 

E 

.-- --- -  Toilwater 
L El. 303 8.00 

\- ,#Sill - L j o -  EI. 3030.00 

RIGHT VALVE DISCHARGING 930 SEC.- FT. LEFT VALVE DISCHARGING 930 SEC.-FT. 

C - 
Note : 

- 
Res.WS. El.3141.20 and 

(ii 

Tailwater E1.3038.00 
for all discharges. 

Model scale I: 20 
Velocity in Ft./sec. 
Prototype 

T - 
BOTH VALVES DISCHARGING 1000 SEC.-FT. BOTH VALVES DISCHARGING 1360 SEC.-FT. 0 

Z 

C 

* ENDERS DAM OUTLET WORKS 
VELOCITY DISTRIBUTION -AT END STA. I I  + 94.00 

RECOMMENDED DESIGN 



A. Piemmter mading8 on deflector hmd B. Piezometer reading8 on f loor 
kl 

INDEIE DAM 
e 

o m m  worn - 1:20 m0, 
RECOhWMDED DESIGN, BOTB VALVES - 1360 SECOND-FEET 

Ei 
* 
\O 





FIGURE 

A .  Scour after 1 hour operation of 
l e f t  valve a t  930 second-feet 

-- 
B. Scour a f t e r  1 hour operation of 

both valves a t  1360 second-feet 

ElvRERSw 
owm worn - 1.:20 KIDEL 

RECOMMF3DED DESIGN, LOOKING UPSTREA)II 



FIGURE 55 

A. 50 - 100 mesh-sand - Both valves, 
d i  scharge 1360 second -f eet 

B. 100 - 200 + mesh-sand - Both valves, 
dfscharge 1360 second-feet 

EMlERS DAM 
O W  WORIS - 1 :20, MODEL 

RECOMMENDED DESIGN, SCOUR AFTER 1 HOUR OPERATION 


